mRNA transcription of the Nodal cascade genes nodal, lefty, and Pitx2 was conserved in the left LPM ( Figures  1D-1F ). These genes, therefore, served as useful L-R readout in the experiments described below.
Lability of Laterality in Cultured Prestreak Rabbit Embryos
A second prerequisite to the study of FGF8 function in rabbit was the establishment of conditions that allowed culture of manipulated embryos from stage 5, when fgf8 mRNA was detected at the node, up to the 3-somite stage, when asymmetric nodal transcription in the left LPM first appeared (not shown). A detailed description of culture conditions, which are schematically depicted in Figure 2A , is given in the Experimental Procedures. In a first series of experiments, embyos were taken into culture at stage 5, incubated to the 3-to 5-somite stage, and analyzed for nodal transcripts by whole-mount in situ hybridization. Representative examples of cultured embryos are shown in Figure 2B , and results are summarized in Table 1 . Cultured embryos developed normally, as assessed by morphological criteria. Notochord, somites, and heart primordia formed as in uncultured em- of bead application (Table 1; Figure 3E ).
In mouse, it was reported that laterality cues in embryo cultures become stable only after the onset of neurulaearly embryo constitutes an important parameter of tion [18] . We therefore cultured rabbit embryos at later FGF8 function.
stages. Figure 2C and Table 1 show that, in embryos taken into culture at the 1-to 3-somite stage, the normal Results left-asymmetric expression of nodal transcription in the LPM was retained in most cases ( Figure 2C ; Table 1 ).
Symmetric Expression of Midline Marker Genes
When a PBS control bead was placed on the right or at the Node and Asymmetric Transcription of the left side of the node, wild-type nodal expression was Nodal Cascade Genes in Early Rabbit Embryos observed like in unmanipulated control cultures in most Investigation of FGF8 function in the rabbit required the cases ( Figure 2C ; Table 1 ). A minor proportion of 15%, availabilty of suitable L-R marker genes. Fragments of however, still showed bilateral nodal transcription fola number of genes were cloned by PCR, and mRNA lowing culture to the 3-to 6-somite stage (Table 1) . expression was analyzed by whole-mount in situ hybridization. Patterns relevant to the study of FGF8 function are depicted in Figure 1. 
Details of expression profiles
The Nodal Cascade Is Conserved in Cultured will be published elsewhere (A.F. and M.B., unpublished Rabbit Embryos data). Staging of presomite rabbit embryos followed the To test if the rabbit embryo was competent to react to Hamburger/Hamilton staging system in chick; somite L-R axis manipulation at the 1-to 3-somite stage, we numbers designate later stages. Figure 1A shows fgf8 introduced Activin-soaked beads into the right LPM, in expression at stage 5 in the primitive streak and node. order to mimick Nodal signaling. Embryos were cultured In this and all other stages analyzed, no signs of asymuntil 3-6 somites had formed and were analyzed for metry were detected ( Figure 1A and data not shown).
nodal and Pitx2 expression. In about 50% of the cases, In chick, additional marker genes, such as shh and bilateral signals were observed ( Figure 2D ; Table 1 ). In HNF3␤, for example, display asymmetric expression summary, these experiments showed that laterality cues patterns in or at the node [17] . No such asymmetries in rabbit embryos were not fixed before the 1-somite were detected for shh or HNF3␤ in rabbit embryos (Figstage , that the Nodal cascade was conserved in the ures 1B and 1C). Thus, expression patterns of these rabbit, and that the right LPM was competent to react midline L-R marker genes were symmetrical in rabbit like in mouse and unlike in chick. In contrast, asymmetric to an ectopic Activin signal up to the 3-somite stage. Table 2 ). This ectopic expression chick [12] , FGF8 represses nodal and Pitx2. When FGF8-soaked beads (1 mg/ml) were introduced on the left side of nodal was not due to FGF8, as control cultures at stages 5 and 6 resulted in bilateral nodal expression in of the node at the 2-to 3-somite stage, however, both genes were expressed as in wild-type unmanipulated about 30%-50% of the cases ( Figure 2B ; Table 1 ). When FGF8 beads were placed on the right side of the node embryos ( Figure 3B ; Table 2 ). The biological activity of the FGF8 used in these experiments was verified in at stages 5 and 6, right-sided nodal expression was never observed, while the normal expression in the left Xenopus animal cap explant cultures (not shown).
Gain-of-function experiments in chick were performed LPM was retained in 7/21 embryos (Figures 3D and 3E; Table 2 ). This inverse correlation between FGF8 bead at stage 4/5 [12] . We therefore wondered whether experimental repression of nodal/Pitx2 was restricted to preplacement and nodal transcription is summarized in Embryos were cultured with or without (-) beads soaked in PBS or human recombinant Activin A (800 U/ml) until they reached the 3-to 6-somite stage, and they were analyzed for marker gene expression by whole-mount in situ hybridization. The numbers (n) of embryos in each row were compiled from three to six independent experiments. The numbers in parentheses indicate percentages. Beads soaked in mouse recombinant FGF8b or the FGFR1 inhibitor SU5402 were inserted at the indicated stages on the left (l) or right (r) side of the node, and embryos were cultured until they reached the 3-to 6-somite stage and were analyzed for marker gene expression by whole-mount in situ hybridization. The numbers (n) of embryos in each row were compiled from three to six independent experiments. The numbers in parentheses indicate percentages. a Expression on the left side was observed; however, the signal was repressed around the bead, as shown in the embryo in Figure 3C (left embryo 4B and 4BЈ) . The two effects were obor in a clear repression around the bead (Table 2) . To served independently or in the same specimen, and they exclude the possibility that insufficient FGF8 was apoccurred in about 50% of treated embryos (Table S1 ). plied to repress nodal at later stages, higher doses (3 In addition, BMP4 effects were dosedependent. In most mg/ml) were attempted. In this set of experiments, the experiments, BMP4 was used at a concentration of 100 time window of repression was slightly extended to a g/ml. While 50 g/ml was equally efficient (not shown), stage when the second pair of somites was just about induction was rarely observed at 10 g/ml (not shown). to form (1-to 2-somite stage; Table 2 ). At later time
In four cultures, a BMP4 bead (100 g/ml) was inserted points (2-to 3-somite stage), however, no effect on nodal on the right side of the node (not shown). Again, both expression in the left LPM was observed (Table 2) The induction of bilateral marker gene expression at Table 2 ). This observation made us wonder whether the a stage at which, in control cultures, laterality cues were left-sided gene cascade could be repressed at all in 1-to fixed in most cases ( . We therefore analyzed lefty expression in the Nodal Cascade rabbit embryos cultured at the 1-to 3-somite stage in BMP growth factors were described as potent inhibitors the presence of a left-sided BMP4 bead (100 g/ml). of nodal and Pitx2 expression in the left LPM in chick [19, Our probe did not discriminate between lefty1, which, 20]. We therefore introduced beads soaked in human in mouse and chick, predominantly is expressed in the recombinant BMP4 on the left side of the node in earlyleft prospective floor plate, and lefty2, which is transomite rabbit embryos. Embryos were cultured until they scribed in the left LPM [20, 25] . Three effects were distinreached 3-6 somites and were analyzed for marker gene guishable. As described above for nodal and Pitx2, bilatexpression. These experiments are summarized in Table  eral Figures 4A-4C) . In experiments demonstrated that, in rabbit embryos, BMP4 treme cases, the entire mesodermal cell layer, with the did not repress asymmetric gene activity, but led to exception of the nascent primitive streak mesoderm and a broadening of the endogenous expression domains; the head mesenchyme, was positive for nodal tran-BMP4 repressed midline lefty; and BMP4 induced bilateral nodal, Pitx2, and lefty expression in the LPM. scripts, while ectopic signals were not found in neuroec- 
Repression of BMP4-Induced Ectopic nodal
gene expression. Left-sided bead application had no effect on nodal mRNA transcription (Table 2 and Table 2 ). Right-sided ectopic expression in all cases mimicked the endogenous expression on the simultaneously on the left side of 1-somite embryos, one soaked in 10, 50, or 100 g/ml BMP4 in the immediate contralateral side (Figures 5AЈ and 5BЈ) . At the 3-to 4-somite stage, competence for induction was lost vicinity of the node, and a FGF8 bead (1 mg/ml) placed in a posterior-lateral position ( Figure 5 ). Analysis of nodal (Table 2 and data not shown). These results strongly suggest that, in rabbit embryos, FGF8 functions asymexpression in cultured embryos revealed a clear downregulation around the FGF8 bead (Figures 5A-5C ). While metrically on the right side to inhibit expression of the left-asymmetric Nodal cascade. in embryos that received a single BMP4 bead, induction of ectopic nodal was clearly seen to orginate from the bead (Figures 4A, 4AЈ, 4B, and 4BЈ) , repression of nodal Discussion in double-bead cultures extended to and beyond the BMP4 bead (Figures 5A-5C (Table 2 and data not shown). Interestingly, up to the 3-to 6-somite stage and were analyzed for marker Table 2 ). In summary, these gain-and loss-of-function experiments demonstrate that FGF8 acts as a right determinant in L-R axis formation in the rabbit. In chick, the asymmetric expression of FGF8 at the posterior right side of the node has led to the suggestion that mesodermal cells, which leave the node and migrate to the LPM on the right side, would receive the FGF8 signal, resulting in repression of the Nodal cassette, while cells on the left side would not be influenced by FGF8 and would express the left-asymmetric marker genes [12] . In rabbit, as in mouse [13], we did not find any evidence of asymmetric mRNA expression of fgf8 ( Figure 1A) . Furthermore, other genes with asymmetric expression patterns at or around the node in chick, such as shh, ptc, HNF3␤, BMP4, ActRIIB, and Act␤B [17, 24, that cryptic qualifies for this function, as BMP induces Our experiments differed from the comparable chick ectopic cryptic in chick [36] . studies in two aspects. First, we used 10-to 100-fold Induction of bilateral nodal, lefty, and Pitx2 was found lower BMP4 concentrations (10-100 g/ml versus 1 mg/ in most cases when BMP4 beads were placed close to ml in [19, 20] ), indicating that different BMP levels could the midline ( Figures 4B and 4E and data nor shown) . In have differential effects on nodal transcription. Alternacontrast to the broadening on the left, expression on tively, the higher doses used in chick might induce apothe right side was confined to the LPM ( Figure 4B ' and ptosis, as it was shown that BMP4 induces cell death in data not shown), indicating that BMP4 affected the bara dose-dependent manner [35] . Second, rabbit embryos rier function of the midline rather than exerting a longwere treated between stage 6 and the 3-somite stage, range effect across the midline. We indeed found represwhereas some of the chick experiments were performed sion of midline lefty close to the bead (Figures 4D and at earlier stages [20] . BMP thus might have different 4E), and this repression is a BMP4 effect previously effects at different time points. Additional evidence that described in chick [19, 24] . In mouse mutants, loss of the BMP effects we report here may represent a physiomidline lefty is always accompanied by bilateral expreslogical response was obtained in chick, in which sion of the Nodal cassette [42] . Schlange et al. [36] FGF8 function in L-R axis formation (Figure 7) . Expres-
